Kinetic mechanism of glutathione synthetase from Arabidopsis thaliana.
Glutathione synthetase (GS) catalyzes the ATP-dependent formation of the ubiquitous peptide glutathione from gamma-glutamylcysteine and glycine. The bacterial and eukaryotic GS form two distinct families lacking amino acid sequence homology. Moreover, the detailed kinetic mechanism of the bacterial and the eukaryotic GS remains unclear. Here we have overexpressed Arabidopsis thaliana GS (AtGS) in an Escherichia coli expression system and purified the recombinant enzyme for biochemical characterization. AtGS is functional as a homodimeric protein with steady-state kinetic properties similar to those of other eukaryotic GS. The kinetic mechanism of AtGS was investigated using initial velocity methods and product inhibition studies. The best fit of the observed data was to the equation for a random Ter-reactant mechanism in which dependencies between the binding of some substrate pairs were preferred. The binding of either ATP or gamma-glutamylcysteine increased the binding affinity of AtGS for the other substrate by 10-fold. Likewise, the binding of ATP or glycine increased binding affinity for the other ligand by 3.5-fold. In contrast, binding of either glycine or gamma-glutamylcysteine causes a 6.7-fold decrease in binding affinity for the second molecule. Product inhibition studies suggest that ADP is the last product released from the enzyme. Overall, these observations are consistent with a random Ter-reactant mechanism for the eukaryotic GS in which the binding order of certain substrates is kinetically preferred for catalysis.